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Abstract
We present H I spectral line and optical broadband images of the nearby low surface brightness dwarf
galaxy KDG215. The HI images, acquired with the Karl G. Jansky Very Large Array (VLAa), reveal
a dispersion dominated ISM with only weak signatures of coherent rotation. The HI gas reaches a
peak mass surface density of 6 M⊙ pc
−2 at the location of the peak surface brightness in the optical
and the UV. Although KDG215 is gas-rich, the Hα non-detection implies a very low current massive
star formation rate. In order to investigate the recent evolution of this system, we have derived the
recent and lifetime star formation histories from archival Hubble Space Telescope images. The recent
star formation history shows a peak star formation rate ∼1 Gyr ago, followed by a decreasing star
formation rate to the present day quiescent state. The cumulative star formation history indicates
that a significant fraction of the stellar mass assembly in KDG215 has occurred within the last 1.25
Gyr. KDG215 is one of only a few known galaxies which demonstrates such a delayed star formation
history. While the ancient stellar population (predominantly red giants) is prominent, the look-back
time by which 50% of the mass of all stars ever formed had been created is among the youngest of
any known galaxy.
Keywords: galaxies: evolution — galaxies: dwarf — galaxies: irregular — galaxies: individual
(KDG215)
1. INTRODUCTION
The interplay between the gaseous and stellar compo-
nents of low mass galaxies is extremely complex. Gas-
rich dwarf irregular galaxies (i.e., systems with signifi-
cant mass reservoirs of neutral hydrogen, HI) often host
ongoing massive star formation (SF, as traced by Hα
emission, with characteristic timescales of <10 Myr) and
have significant ultraviolet (UV) emission (tracing SF on
1 Based on observations made with the NASA/ESA Hubble
Space Telescope, obtained from the Data Archive at the Space
Telescope Science Institute, which is operated by the Association
of Universities for Research in Astronomy, Inc., under NASA con-
tract NAS 5-26555.
a The National Radio Astronomy Observatory is a facility of the
National Science Foundation operated under cooperative agree-
ment by Associated Universities, Inc.
longer timescales of 100-200 Myr). The stochastic sam-
pling of the upper portion of the initial mass function
is known to be a complicating factor in low mass galax-
ies (Lee et al. 2009). While significant progress has been
made in understanding how the properties of the resolved
stellar populations and the integrated UV luminosities
are related (McQuinn et al. 2015), it remains very dif-
ficult to predict how a certain gas-rich dwarf irregular
galaxy converts its available reservoir of gas into stars.
An especially important type of galaxy in this re-
gard is the low surface brightness dwarf. Tradition-
ally defined as having low central surface brightnesses
(µB> 23.0 mag arcsecond
−2), low surface brightness
galaxies span all galaxy masses and morphological types
(e.g., McGaugh & Bothun 1994; de Blok et al. 1995).
Many (but not all) low surface brightness galaxies host
2Figure 1. HST color image (a) and CMD (b) of KDG215. The CMD reveals a strong red giant branch, a significant population of
red supergiants, a weak blue plume, and red clump stars. The more densely populated fainter magnitudes are shown as number density
contours for clarity. The TRGB is marked by a red line and shaded red area resulting in a distance D = 5.11+0.33
−0.17
Mpc.
ongoing massive SF as traced by Hα emission (e.g.,
Schombert et al. 2011). The dwarf members of this
class have been extensively studied in the context of
the threshold gas mass surface density required for SF
(e.g., van der Hulst et al. 1993; van Zee et al. 1997) as
well as in the derivation of high resolution rotation
curves and the resulting constraints on the dark mat-
ter distribution within galaxies (e.g., de Blok et al. 2001;
de Blok & Bosma 2002).
Nearby low surface brightness dwarf galaxies offer a
unique opportunity to study their recent SF on a spa-
tially resolved basis. This allows for the reconstruction
of the recent evolutionary pathways that have led to their
current low surface brightness state. Gas-rich low surface
brightness systems that are quiescent in terms of current
massive SF (i.e., are Hα non-detections at meaningful
sensitivity levels) are especially interesting, as they offer
a glimpse of the conditions in which SF has ceased al-
together. Is this “quenching” of SF due to the current
conditions of the gas? Is it caused by feedback from pre-
vious SF? Is the efficiency of the SF process fundamen-
tally different than in more massive systems? Answering
these questions provides important empirical constraints
on simulations of the evolution of low-mass galaxies (e.g.,
Hopkins et al. 2014; On˜orbe et al. 2015).
The subject of this work, KDG215 (originally cata-
loged in Karachentseva 1968, also known as LEDA44055,
F575−3 from Schombert et al. 1992, or D575−5 from
Schombert et al. 1997), is a galaxy that possesses
unique characteristics. First, its optical surface bright-
ness is extremely low. Of the more than 175 irreg-
ular galaxies studied in Hunter & Elmegreen (2006),
KDG215 has the second lowest central surface brightness
(µV =24.69±0.15 mag arcsecond
−2). Schombert et al.
(2011) finds a somewhat higher central surface bright-
ness (µV =23.80 mag arcsecond
−2). Second, KDG215
has a current star formation rate (SFR) of zero. Of
the more than 60 low surface brightness galaxies in
Schombert et al. (2011), KDG215 is one of only four
Hα non-detections (see also Karachentsev & Kaisina
2013). Third, the source is nearby and has sufficiently
deep HST images to allow precision color magnitude
diagram (CMD) work. The distance measurement by
Karachentsev et al. (2014) places the object securely in
the Local Volume (D = 4.83±0.34 Mpc). Fourth, the
source is gas rich. The HI properties were first measured
in Salzer et al. (1990) and Eder & Schombert (2000), in
which the total HI flux integrals were measured to be
SHI = 4.48 Jy kms
−1 and 4.37 Jy km s−1, respectively.
The recently completed ALFALFA catalog (Haynes et al.
2018) revises the total HI flux integral up to SHI =
5.51± 0.06 Jy km s−1. Finally and most importantly, as
we demonstrate in this manuscript, KDG215 has a star
formation history (SFH) that is extreme compared to
that of any other known dwarf galaxy: a significant frac-
tion of the stellar mass has been formed within the last
1.25 Gyr.
2. OBSERVATIONS AND DATA HANDLING
2.1. VLA HI Observations
New HI spectral line observations of KDG215 were ac-
quired with the Karl G. Jansky Very Large Array (VLA)
in the C configuration on July 31, 2017 for program
TDEM0025. This investigation was made possible by the
National Radio Astronomy Observatory’s “Observing for
University Classes” program. Details about the program
and its uses can be found in Cannon & Van Moorsel
(2017).
Observations of KDG215 [α,δ (J2000) = 12h 55m
41.s0, +19◦12′33′′] were acquired in a two-hour observ-
ing block that used 3C286 as the primary calibrator and
J1330+2509 as the secondary calibrator. The total on
source integration time for KDG215 was approximately
91.6 minutes. The spectral window centered on the HI
spectral line was 16 MHz wide and divided into 4096
channels, delivering a native velocity resolution of 3.906
kHz channel−1 (0.82 km s−1 channel−1). The data were
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Figure 2. HI images of KDG215. Panel (a) shows the HI column density distribution in units of 1020 cm−2; contours are at levels of
(2, 4, 6)× 1020 cm−2. Panel (b) shows the intensity weighted velocity field in units of km s−1; contours are at levels of 417.5, 420, and
422.5 km s−1. Panel (c) shows the intensity weighted velocity dispersion; contours are at levels of 6, 9, and 12 kms−1. Panels (b) and (c)
are threshold blanked using the column density image shown in panel (a) with a threshold of 2× 1020 cm−2 (i.e., the outermost contour
shown in panel a). The circular beam size of 18′′ (shown in the bottom left of each panel) corresponds to a physical resolution of 446 pc
at the adopted distance of 5.11 Mpc.
calibrated using standard formalisms in the CASA1 en-
vironment. Continuum subtraction was performed using
a first order fit to line-free channels.
Imaging of the continuum subtracted visibilities was
performed in a multi-step procedure using the CLEAN
task in CASA. A Gaussian uv taper length of 10 kλ
was employed when using the Briggs weighting scheme
with ROBUST=0.5. The velocity resolution was set
to 2.5 km s−1 (i.e., ∼3 times larger than the native
spectral resolution). The original synthesized beam
(16.11′′×15.46′′) was smoothed spatially to a circular
18′′. Cleaning was performed to the 1σ level (1.6 mJy).
Moment maps were created by threshold blanking at
the 1σ level and then blanking by hand to ensure velocity
coherence. The moment zero map produced in this man-
ner yields a total HI flux integral SHI = 4.84± 0.48 Jy
km s−1. This image was calibrated into units of column
density (specifically, 1020 cm−2) and used as a transfer
mask against the moment one and moment two maps
at the level of NHI = 2× 10
20 cm−2. The total HI flux
integral found in the moment zero map discussed above
is slightly smaller than the ALFALFA total flux integral
(5.51± 0.06 Jy km s−1; Haynes et al. 2018). To optimize
surface brightness sensitivity, a low resolution (Gaussian
uv taper length 4 kλ), single channel image was created.
This image is centered at the ALFALFA systemic veloc-
ity (VHI = 419 km s
−1) and has a channel width equal
to the ALFALFA W50 (22± 2 km s
−1). This technique
places all of the HI line emission into a single channel and
samples only velocities with significant HI flux. The re-
sulting HI moment zero image recovers SHI = 5.50± 0.55
Jy km s−1, in excellent agreement with the ALFALFA HI
flux integral.
2.2. Hubble Space Telescope Observations
KDG215 was observed with the Advanced Camera
for Surveys (ACS) onboard the Hubble Space Telescope
(HST) on 2012 November 20 for program GO-12878 (P.I.
1 https://casa.nrao.edu
Karachentsev). The F606W and F814W filters were
used. Integration times of 2076 sec (F814W) and 1640
sec (F606W) were achieved in two separate exposures per
filter. Standard processing in the ACS pipeline was ap-
plied, including corrections for charge transfer efficiency.
Single-star photometry was performed on the HST im-
ages using the ACS module of the DOLPHOT package
(Dolphin 2000). Well-measured stars were selected by
implementing cuts based on sharpness and crowding. A
minimum S/N ratio of 5 is required for a star to be in-
cluded in the final photometry lists, which were then cor-
rected for foreground extinction (AF606W = 0.049 mag;
AF814W = 0.030 mag) via the Schlafly & Finkbeiner
(2011) recalibration of the Schlegel et al. (1998) dust
maps. Artificial star tests were used to determine the
50% completeness limits of the data (27.69 mag in
F606W, 26.98 mag in F814W).
3. THE RESOLVED STELLAR POPULATION OF KDG215
Figure 1(a) shows the color HST image of KDG215
(F606W as blue, F814W as red, and the linear average
of the two filters as green). The low surface brightness
nature of the stellar population of KDG215 is readily
apparent. The stellar population has a total physical
extent of ∼2 kpc, and is dominated by the emission from
stars with blue colors.
The F814W vs. (F606W−F814W) CMD is shown in
panel (b) of Figure 1. The CMD is populated with more
than 11,000 individual stars, distributed in four main
regions: the blue plume (containing main sequence and
blue helium burning stars), the red giant branch, the
red supergiant region, and red clump stars. The density
of stars at fainter magnitudes is higher, and so these
regions are plotted as number density contours for ease
of interpretation.
From this CMD, the TRGB distance is identified
as 5.11+0.33
−0.17 Mpc (shown by the thick red line and
shaded region of the CMD). This value is slightly larger
than the previous TRGB estimate in Karachentsev et al.
(2014), although the measurements agree within errors.
4Figure 3. Comparison of HI surface density and the stellar populations of KDG215. Panel (a) shows a color HST image (F606W in blue,
F814W in red, and a linear average of the two as green); panel (b) shows a color GALEX image (FUV in blue, NUV in red, and a linear
average of the two as green); panel (c) shows a Spitzer 3.6µm image. Contours of HI column density (18′′ beam; same image as shown in
Figure 2) are overlaid at levels of 2.5× 1020 cm−2 (white), 4× 1020 cm−2 (yellow), 5.5× 1020 cm−2 (orange), and 7× 1020 cm−2 (red).
At this distance, the HI mass of KDG215 is MHI =
(3.40± 0.34)× 107 M⊙. The current stellar mass (using
the total stellar mass formed and a return fraction of
0.412 from Vincenzo et al. 2016; see discussion in § 5) is
M⋆ = (8.0
+1.2
−3.2)× 10
6 M⊙.
4. THE NEUTRAL GAS MORPHOLOGY AND DYNAMICS
OF KDG215
HI gas is detected at the 3σ level or above over ∼35
km s−1 in the final data cube. The collapse of the 3-
dimensional datacube into 2-dimensional moment maps
produces the images presented in Figure 2. Panel (a)
shows the HI mass surface density image in units of 1020
cm−2. The HI gas is well-resolved by the beam (roughly
10 full beam widths across the galaxy). The peak HI col-
umn density is 7.5× 1020 cm−2, which corresponds to an
HI mass surface density NHI = 6 M⊙ pc
−2. Figure 3 com-
pares the HI column densities (shown as contours) with
images from HST (analyzed in detail below), GALEX
(tracing SF on 100-200 Myr timescales), and Spitzer
(tracing the majority of the stellar mass, though signifi-
cantly contaminated by foreground and background ob-
jects). The HI mass surface density maximum is roughly
co-spatial with the region with the highest UV and opti-
cal flux.
Figures 2 (b) and (c) show the intensity weighted ve-
locity field and velocity dispersion, respectively. The HI
kinematics of KDG215 are complex. There is a weak sig-
nature of projected rotation with magnitude ∼10 km s−1,
oriented more or less south-to-north. However, there are
no single values for the kinematic major or minor axes.
Further, the magnitude of the projected rotation (∼10
km s−1) is only slightly larger than the average HI veloc-
ity dispersion throughout the disk (∼8-10 km s−1). As
discussed in detail in McNichols et al. (2016), this sig-
nifies the empirical transition between galaxies with ob-
vious rotational support (where rotation velocity largely
exceeds the HI velocity dispersion) and galaxies which
are pressure supported. Attempts to fit tilted ring mod-
els to the HI velocity field were not successful. Fitting the
3-dimensional cube with Gaussians to extract a velocity
field produced no significant changes from the intensity
weighted image shown in Figure 2 (b). With the current
HI data we are unable to measure the dynamical mass of
KDG215 with confidence.
5. THE STAR FORMATION HISTORY OF KDG215
Figure 4 presents the SFH of KDG215 as derived from
the HST images. These plots are created using the CMD-
fitting algorithm MATCH (Dolphin 2002), to which we
refer the reader for details. Very simply, MATCH cre-
ates simple stellar populations that are combined to cre-
ate a best-fit CMD based on a Poisson likelihood statis-
tic. The photometric depth of our data reaches ∼2 mag
below the tip of the red giant branch (see Figure 1),
allowing us to explore the most recent ∼1 Gyr with sig-
nificant time resolution. The HST data do not have suf-
ficient photometric depth to parse the SF episodes be-
yond ∼1 Gyr, and so everything older than 1.25 Gyr is
grouped into one single time bin. For details on the tem-
poral resolution of SFHs derived from HST data, see the
discussion in McQuinn et al. (2010a).
Figure 4(a) shows the global SFR of KDG215 as a
function of (logarithmic) time. This demonstrates that
KDG215 had a low SFR for most of the Hubble time.
Within the most recent Gyr, KDG215 underwent a sig-
nificant episode of strong SF. The peak intensity (∼0.01
M⊙ yr
−1) occurred around 1 Gyr ago, and then fell
steadily to the current rate (consistent with zero). This
SF event produced more than half of the total stellar
mass formed in KDG215 (see discussion below).
Figure 4(b) shows the cumulative SFH of KDG215 as a
function of (linear) time. The fraction of the total stellar
mass ever formed in the galaxy [M⋆ = (1.38
+0.20
−0.56)× 10
7
M⊙] rises from zero to unity at z = 0. The first time
bin is large, covering log(age) 9.1-10.15 (corresponding
to look-back times 1.25 Gyr - 14.1 Gyr). At the end of
this first time bin, the fraction of the total stellar mass
formed is 0.44+0.26
−0.10. Interpreted at face value, the galaxy
had formed only 44% of its total stellar mass. Due to
the limitations imposed by the photometric depth, the
uncertainties on this fraction (which include both ran-
dom and systematic terms, with the latter dominating
the error budget) allow for a range between 34% and
70%. From the best-fitting SFH, the median look-back
time by which 50% of the mass of all stars ever formed
had been created in KDG215 is of the order a Gyr. It
is important to note that while the median age of the
stellar population is young, ancient stellar populations
(predominantly red giants; see Figure 1) are present.
6. INTERPRETATION
The delayed stellar mass assembly of KDG215 makes
it an important test of models of structure formation.
5Figure 4. The SFH of KDG215. Panel (a) shows the SFR as a function of time in the galaxy, while panel (b) shows the cumulative SF
as a function of time in the galaxy. The SF event that peaked in intensity ∼1 Gyr ago formed more than 50% of the total stellar mass in
KDG215. The median look-back time by which 50% of the mass of all stars ever formed had been created in KDG 215 is of the order a
Gyr.
The significant burst of SF that occurred ∼1 Gyr ago is
qualitatively similar in terms of relative strength and du-
ration to the strongest bursts seen in the simulations of
Governato et al. (2015). The primary difference is that
this SF episode occurs at a much later epoch in KDG215
than those seen in the simulations. Baryonic physics
could allow for this delayed stellar mass assembly. As
discussed in Christensen et al. (2016), the efficiency of
outflows increases as galaxy mass decreases. If early SF
(i.e., activity at z >∼ 0.5, in the oldest time bin shown in
Figure 4) drove significant outflow episodes that were fol-
lowed by eventual gas recycling, then the overall SFR in
KDG215 would be low over cosmological timescales.
The triggering mechanism of the starburst episode ∼1
Gyr ago may be related to the local environment of
KDG215. Figure 5 plots the position of KDG215 along
with all galaxies from the Tully et al. (2016) database
located in a 6 Mpc cube centered roughly on KDG215.
Positions are plotted in Supergalactic coordinates. Panel
(a) shows the SGX vs. SGY plane (i.e., looking down
on the Supergalactic plane), while panel (b) shows
the SGY vs. SGZ plane (in which the Supergalactic
plane is clearly defined). The nearest neighbor galax-
ies of KDG215 are the spiral M64 and the irregular
galaxy IC 4107 (also known as KK177; Karachentseva
& Karachentsev 1998). For KDG215 at 5.11 Mpc (this
work), M64 at 5.30 Mpc (Tully et al. 2016), and KK177
at 4.82 Mpc (Karachentsev et al. 2018), the physical sep-
arations are 295 kpc (KDG215 and M64) and ∼400 kpc
(KDG215 and KK177).
If KDG215 encountered the higher density environ-
ment of M64 a few Gyr ago, then this may have initi-
ated the SF event. This scenario is similar to the reig-
nition of SF seen in simulations of low-mass field dwarfs
(Wright et al. 2018). SF is quelled by stellar feedback or
reionization but much of the gas heated by these mech-
anisms remains in the halos of the galaxies. Interac-
tions with low density streams of gas in the local envi-
ronment of the galaxies compresses the gas in the halos
inducing SF. While the characteristics of such suppres-
sion and reignition is typically only discernable in SFHs
with higher temporal resolution (created from a CMD
that reaches below the old main sequence turn-off), the
period of quiescence in KDG215 is so extended that the
suppression and reignition is apparent in Figure 4.
KDG215 is one of only a few known galaxies which
demonstrates such a delayed SFH. The closest known
analogs are the Local Group galaxies LeoA (Cole et al.
2007) and the Aquarius dIrr (Cole et al. 2014). Like
KDG215, both systems have a young median look-back
time for forming 50% of their stellar mass (4.2 Gyr for
Leo A and 6.8 Gyr for Aquarius) and low SFRs. Inter-
estingly, KDG215 has larger HI and stellar masses than
both LeoA (M⋆ = 3.3× 10
6 M⊙, MHI = 1.1× 10
7 M⊙;
Kirby et al. 2017, Cole et al. 2007) and Aquarius (M⋆ =
(1-2)× 106 M⊙, MHI = 2.7× 10
6 M⊙; Cole et al. 2014).
Further, it is slightly more gas-rich (MHI/M⋆) than both
systems.
The distance of KDG215 does not allow us to parse
the ancient SFH with the temporal precision that was
achieved for LeoA and Aquarius. The full error budget
on the fraction of total stellar mass formed at a look-back
time of 1.25 Gyr implies that KDG215 may have formed
as much as 70% or as little as 34% of its total stellar mass
at this point. However, it is important to stress that
even if the fraction is 70%, KDG215 still stands out as
6Figure 5. The nearby environment of KDG215. All galaxies from the Tully et al. (2016) database that are located within a cubical
volume 6 Mpc on a side and roughly centered on KDG215 are plotted. The nearest neighbor of KDG215 is the spiral galaxy M64; the
two galaxies have a physical separation of 295 kpc. Also labeled is IC 4107 (physical separation of ∼400 kpc; Karachentsev et al. 2018).
extreme in comparison to LeoA and Aquarius. At a look-
back time of 1.25 Gyr, both LeoA and Aquarius have
each formed more than 90% of their total stellar mass
(see Figure 8 of Cole et al. 2014). The SFH of KDG215
is both unique and extreme.
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